In literature, we observed differences in biomechanical responses in FEA, considering the mechanical property of the mandibular cortical bone as isotropic or as orthotropic. The orthotropy proved to be a property more precise to mandibular cortical bone in the application of masticatory loads. Thus, possible to establish with greater precision, stress values for better understanding of the biomechanical responses of the mandible in trauma situation. Thus, here we evaluated the stress generated by mechanical trauma in symphysis and angle of the human mandible with orthotropic cortical bone by finite element analysis.
Introduction
Mechanical studies 1,2 used the Finite Element Analysis (FEA) to understand the biomechanical response of the human mandible from mechanical trauma. These studies considered the mandibular cortical bone as an isotropic material, which feature a simplified representation of bone in mechanical response. Isotropic condition for biological materials was associated to the importance of the morphology. However, the differences between the mandibular cortical bone material representation, as an isotropic or orthotropic material, need to be studied for FEA to evaluate possible differences in the results of these simulations. Here, we evaluated the stress generated by commom situations of mechanical trauma in symphysis and angle of the human mandible, considering the comparison between the isotropic and orthotropic conditions of cortical bone by finite element analysis. Also, we evaluated the traumatic loads associated to the maximum intercuspation condition to figure out if the occlusion works as protection for the bone.
Results and Discussion
The differences between the stress in the symphysis and mandibular neck characterized the distribution of energy, which is accumulated mostly in the mandibular neck. This characteristic determined areas sensitive to mechanical stress in cortical bone structure with orthotropic properties.The orthotropicity in mandibular compact bone structure associated to traumatic force at the symphysis caused high deformation of mandibular body, resulting in two areas with high stress values in the mandibular neck. The traumatic force located in the mandibular angle, with lateral-medial direction, resulted in a large stress concentration occupying part of the mandibular body, from the level of the first premolar to the mandibular ramus. The cortical bone with orthotropic properties determined specific areas sensitive to mechanical stress only in the lateral and medial sides of the mandibular neck.
Conclusions
In a mandible with cortical bone with ortrotopic mechanical properties, from a mechanical trauma in mandibular symphysis, we concluded that the geometry of the mandible has determined the stress distribution for the mandibular condyles, concentrating more intense in the neck. From a traumatic force on the angle there is an extensive stress concentration occupying the mandibular ramus and posterior part of the mandibular body. Probably regions stimulated mechanically, in both simulations, were determined by geometry (morphology) of the mandible.
